H Morus Jones MC FRCS Ear, Nose and Throat Unit, Royal Infirmary, Bradford BD9 6RJ The city of Bradford has been the centre of the textile industry since the Middle Ages. It wis also one of the first to experience the Industrial Revolution of the last century. The vast infljj into the city during that time created great problems in public health and in the care of the sick. A German immigrant, Dr Edward Bronner, recognized the problem as it affected diseases of the eye, ear, nose and throat, and in 1857 he established a clinic for the treatment of such patients. The demand for treatment was far greater than Dr Bronner had anticipated. Public subscriptions were called for and a hospital for treatment of diseases of the eye, ear, nose and throat was opened in 1864. One hundred years later the eye and ENT departments were moved to a new block at the Bradford Royal Infirmary site.
Anatomy
The anatomical relationships of the nose and sinus to the orbit are of importance not only in understanding the symptoms and spread of disease but also in planning surgery.
The roof of the maxillary sinus forms the floor of the orbit, whilst the thin plate of bone forming the floor of the frontal sinus forms the upper and medial part of the orbital roof.
The ethmoidal labyrinth of cells is the key sinus. It is usually present at birth, and is always completely pneumatized and has connections with each of the other sinuses. The paper-thin orbital plate of the ethmoid forms the greater part of the medial wall of the orbit and only this thin plate of bone separates the ethmoidal cells from the orbit and its contents. The anterior ethmoid cells tend to be small and numerous, whilst the posterior cells are large and few in number. The optic nerve at the apex of the orbit is in close relationship with the posterior ethmoidal cells.
The sphenoid sinus develops from the posterior ethmoidal region by an outgrowth into the body of the sphenoid bone. It is known as the 'forgotten sinus' (Levine 1978) and it comes into close relationship with the cavernous venous sinus and its contents. Disease in the sphenoid sinus can affect the nerves supplying the muscle of the eye, particularly the sixth cranial nerve, leading to lateral rectus muscle paralysis.
The following features are of special importance (Williamson-Noble 1954). (1) The orbital periosteum is attached to the orbital margins, fissures and sutures, but elsewhere can be stripped easily from the bone. Pus may erupt under the periosteum to form a subperiosteal abscess, but the periosteum forms a tough fibrous barrier to the spread of disease into the orbital contents.
(2) Dehiscences occur in the orbital walls at the superior and inferior orbital fissures, in the floor of the frontal sinus and between the posterior ethmoidal cells and the sphenoidal cells, and further facilitate the spread of disease.
(3) The veins of the ophthalmic venous system are devoid of valves, and infection from the face and nasal cavity can pass directly to the cavernous venous sinus.
Orbital complications of diseases of the nose and paranasal sinuses may arise as a result of direct spread from the sinuses into the orbit; involvement of the nerves supplying the orbit; involvement of the nasolacrimal apparatus; complications of nasal surgery. Direct spread from sinuses into orbit Inflammatory disease in the paranasal sinus is the commonest cause of ocular and orbital complications. The incidence of these complications has been decreasing since the advent of antibiotics, and they are now rare. The following different degrees of orbital infection may be seen (Welsh & Welsh 1974) .
(1) Inflammatory oedema, which affects the eyelids: there is no limitation of extra-ocular movements or impairment of vision.
(2) Orbital cellulitis: there is diffuse oedema of the orbital contents with infiltration of fatty tissue.
(3)-Subperiosteal orbital abscess is the most common complication seen by ENT surgeons; it reflects advanced suppuration in the nearby frontal and ethmoidal sinuses. It tends to displace the orbital contents, but there is no interference with eye movements in the early stages.
(4) Orbital abscess: here pus is present in the orbital tissues. There is marked chemosis, proptosis, impaired vision and ophthalmoplegia.
(5) The infection may spread to the cavernous sinus leading to thrombosis, which, owing to connection with the sinus of the other side, may involve the other eye.
Aetiology
Viral upper respiratory infections with superimposed bacterial invasion are the commonest predisposing factor. They may also occur secondary to dental infection (Gold & Sagar 1974) or to trauma. One case occurred in a boy of eleven years, who was a very keen swimmer and took a delight in jumping into the water feet first.
The frequency with which the various sinuses are involved varies with age. In young children the frontal sinuses are absent and the maxillary sinuses are very small, so it is the ethmoids which are most commonly affected. After the age of ten years the frontal sinuses are more frequently involved and in the adult all these are affected. The sphenoid sinus is responsible for only a few cases.
Presenting symptoms
If the infection originates in the ethmoid, oedema will be over the frontal process of the maxilla. If the frontal sinus is the cause, oedema appears over the medial and superior part of the upper eyelid. In infection of the maxillary sinus, oedema appears in the lower lid. Orbital abscess causes outward protrusion of the eye, whilst a subperiosteal abscess leads to lateral displacement.
Nasal examination reveals pus on the affected side or obliteration of the middle meatus. Of 2 cases in whom eye symptoms were present, one developed optic atrophy and complete loss of vision, and the other presented as a partial paralysis of the third cranial nerve. The degree of exophthalmos and proptosis helps to evaluate the extent of the disease. The patient who suffered complete loss of vision had a large abscess in the posterior ethmoidal cell, which had involved the back of the orbit.
Radiological examination and tomography will reveal clouding of the maxillary sinus, ethmoid and frontal sinus. Treatment Intramuscular penicillin in large doses is the treatment of choice. Surgery should be as conservative as possibleantrum puncture and washout of the maxillary sinus, or intranasal antrostomy. More extensive surgery is indicated for incision and drainage of a subperiosteal orbital abscess, combined with drainage of the sinus involved, trephination of the frontal sinus if need be, or enlargement of an opening already made by the abscess. Sudden failure of vision indicates orbital abscess, needing more radical surgery. In all these operations care is taken to avoid interference with the frontonasal duct. Curettage and a meticulous ethmoidectomy are not indicated.
Mucocele of the paranasal sinuses
A mucocele is an epithelial-lined cavity containing mucus (Bordley 1973) . The secretion is sterile, but secondary infection may occur. Mucocele may be primary, or more commonly, secondary to obliteration at, or near, the sinus outlet with retention of mucus in the sinus cavity, which accumulates and causes expansion and secondary erosion of the bony walls. The frontonasal duct is long, and thus the most common site of mucocele is the frontal sinus. It is twice as common as ethmoidal mucocele (Wolfowitz & Solomon 1972) .
The following two case reports illustrate the symptoms and treatment of frontal and ethmoidal mucocele. Case 1: A man aged 55 complained of frontal headache and a fluctuant swelling over the left eye. Sixteen years previously he had had an infection in the maxillary antrum which had responded to treatment with antrum puncture, lavage and antibiotics. There was no defect of vision and eye movemen-ts were normal. X-rays revealed a large, smooth walled cavity, which had spread backwards (Figure 1) . At operation, via an incision over the left eyebrow, a localized osteoplastic flap was raised and a very large mucocele found which had eroded the floor of the frontal sinus, the bone of the anterior cranial fossa and also involved the frontal sinus of the other side. A large opening was made through the anterior ethmoid to drain the mucocele and the patient made a good recovery.
Case 2: Ethmoidal mucoceles occur in younger patients. Following a severe attack of rubella eighteen months previously, a 4-year-old girl had developed proptosis of the left eye every time she had a cold, her vision was defective and optic atrophy was present. A mucocele of the posterior ethmoidal cell (Figure 2 ) was drained by external ethmoidectomy, following which she made a good recovery and vision gradually returned to normal. Tumours of the paranasal sinuses causing orbital complications Not infrequently, asymptomatic osteomata of the fronto-ethmoidal sinuses are discovered on X-ray examination of the sinuses for other purposes. However, when they do cause orbital symptoms, these may be due to (1) the osteoma interfering with the drainage of the sinus in the frontonasal duct. Thus there may be an acute exacerbation of the frontal headache and frontal sinusitis with orbital cellulitis, which may follow an acute upper respiratory infection, due to swelling of the lining mucosa in a duct already narrowed or distorted by the osteoma (Childrey 1939) . Alternatively, obstruction of the duct may result in the formation of a mucocele (Figure 3 ) which, with enlargement, involves the orbit and leads to displacement of the eyeball, diplopia and increasing proptosis.
(2) The osteoma itself may enlarge to involve the orbit, with displacement of the eyeball. In one case, where the eyeball had been removed previously as a result of injury, the osteoma grew to such a size that the patient presented because the articifical eye kept being displaced. The osteoma may also interfere with the nasolacrimal duct, causing epiphora, and in one case was found to cause pressure on the optic nerve resulting in defective vision.
Malignant twnours of the paranasal sinuses involving the orbit It is estimated that the commonest malignant growth of the orbit is due to spread into it from a carcinoma of the ethmoid, or a carcinoma of the maxillary antrum. The prognosis in these cases is poor because of the insidious onset of the disease and their advanced stage at the time of diagnosis. This is especially true if the orbit is involved.
Where there is already orbital involvement, either clinical or radiological, when the patient is first seen, pre-irradiation surgery should be diagnostic only (Harrison 1971b ), sufficient to obtain tissue for biopsy. A full course of radiotherapy is then given to the tumour, including the orbit, which reduces the size of the tumour. Post-irradiation surgery is undertaken some weeks after completion of radiotherapy. If the posterior ethmoid cells are involved, it is deemed necessary to remove the orbital contents.
Where the patient has had a full course of radiotherapy, plus post-irradiation surgery, but further progress or recurrence of the growth has involved the orbit, radical procedures can be considered. Exenteration of the orbit and its contents are feasible where the growth originated in the antrum and has involved the orbital floor. Exenteration is hardly feasible where the ethmoids are involved (Lederman 1970 ) and a more radical combined intracranial facial approach has been suggested.
A distressing feature of many of these patients is that they survive in a pitiable state for quite some timeup to two years or moreand in the majority the only treatment possible is palliative. Chemotherapy has been tried, without much success, but patients have been helped by treatment with a weekly course of radiotherapy of 400 rad, which helps to reduce the size of the tumour and relieves pain. Powerful doses of analgesics are needed. There are times where nothing further can or should be done.
Cartilaginous tumours
These are rare, but they do arise in cartilaginous cell rests, which may remain in the ethmoidosphenoidal region after ossification has taken place. Chondromas are benign but locally invasive and have a tendency to sarcomatous change. Figure 4 shows a patient, aged 79, who had a large chondrosarcoma; she presented with diplopia. Only palliation was possible.
Tumours of the lacrimal apparatus Case report: A 64-year-old man was admitted with what appeared to be a dacryocystitis. There was no response to various antibiotics and biopsy showed a transitional celled carcinoma. Because of the increase in size of the tumour and involvement of the eye, exenteration was carried out. Six months later the patient developed a recurrence of the growth in the inferior turbinate. The whole of the lateral wall of the nose, nasolacrimal duct and inferior turbinate were removed through a palatal fenestration approach and the patient made a good recovery.
This case emphasizes that excision of any tumour occurring in the nasolacrimal apparatus should include removal of the whole apparatus, the nasolacrimal duct and inferior turbinate.
Involvement of the nerves supplying the orbit The nerves can be affected by infection, as already shown, but tumours of the nasopharynx are a more common cause of paralysis of the nerves to the orbit. Of 37 cases of tumours of the nasopharynx, 8 had cranial nerve palsies. A large proportion of such tumours originate in the fossa of Rosenmueller, which is in close proximity to the foramen lacerum. The sixth cranial nerve and the nerve of Vidian are in close relationship to the foramen. Spread of tumour from the fossa of Rosenmueller involves these nerves first, causing sixth nerve palsy and diplopia and epiphora. In one such case, despite X-rays, including tomography and biopsy of the fossa of Rosenmueller, diagnosis was not confirmed until a gland was palpable and removed. Histology showed a carcinoma, the likely primary site being the nasoharynx.
Extensive abnormalities occur in more advanced cases, when the tumour involves the superior orbital fissure, causing palsies of the third nerve and fourth nerve. There may be exophthalmos.
Orbital complications of nasal and sinus surgery Such complications are rare, the most serious being injury to the optic nerve. The greatest risk results from surgery to the ethmoidal sinus, in particular intranasal ethmoidectomy for removal of nasal polypi (Harrison 1971a) . This is due not only to the limited access but to the close relationship of the posterior ethmoid cells to the optic nerve ( Figure 5) WIZtM.EbsEU Figure 5 . Relationship of ethmoidal labyrinth to orbit and optic nerve periosteum gives protection to the orbital contents; however, after previous intranasal surgery the orbital periosteum becomes firmly attached to the orbital plate of the ethmoid. Should the orbital wall be perforated during operation, orbit fat may prolapse into the operated area and, if this is mistaken for hyperplastic polypoid material, further damage may result. Injury to the optic nerve may be due to direct trauma or to compression from the production of haematoma.
Intranasal procedures may also result in injury to the extraocular muscles, causing diplopia. When it occurs it is usually transient, but permanent muscle damage can occur and ophthalmic surgery will then be necessary.
